A novel human rotavirus strain, CUK-1, containing a G11 type combined with a P[4] type was isolated from a 1-year-old female patient with fever and severe diarrhea at Our Lady of Mercy Hospital in Incheon, South Korea. This CUK-1 strain showed the highest degree of nucleic acid similarity (98.7% and 93%) to G11 Dhaka6 and P[4] RV 5, respectively. This novel combined type of CUK-1 rotavirus strain (G11,P[4]) was uncovered from humans and is reported on here for the first time.
Rotavirus infections cause acute gastroenteritis accompanied by watery diarrhea, fever, and vomiting in humans and a variety of animals (13) and are more likely to be associated with dehydration (22) and hospitalization (2) . Rotavirus is classified into seven groups (groups A to G), based on the VP6 protein (11) . Group A has been the most frequently discovered group worldwide. It is classified into G (glycoprotein) types by protein VP7 and P (protease-sensitive) types by protein VP4, and these types are considered important for vaccine development. So far, strains of at least 16 G genotypes and 27 P genotypes of rotavirus strains (11, 14) have recently been isolated from humans and a variety of mammalian and avian species. The major human G types are G1, G2, G3, G4, and G9, combined with the P types P [8] and P [4] (19) . G11 rotavirus (strain YM, G11,P [7] ) was first isolated from pigs in Mexico in 1983 (17) and was also reported in Venezuela in 1988 (3). It was subsequently identified in combination with P [6] collected, 835 samples were found to be positive for rotavirus antigen. CUK-1 was isolated from 1 of those 835 samples and was from a 1-year-old female patient hospitalized with fever and severe diarrhea at Our Lady of Mercy Hospital in Incheon, South Korea. CUK-1 was identified as G11,P [4] by multiplex reverse transcriptase PCR (RT-PCR), and its identity was confirmed by nucleotide sequencing and alignment analysis.
RT-PCR was carried out with a One
Step RT-PCR kit (QIAGEN/Westburg) for rotavirus G and P genotypes. We amplified a 1,062-bp fragment of the VP7 gene with the consensus forward primer Beg9 (5Ј-GGCTTTAAAAGAGAGAA TTTCCGTCTGG-3Ј) and the reverse primer End9 (5Ј-GGT CACATCATACAATTCTAATCTAAG-3Ј) (9) . We also amplified an 876-bp fragment of the VP4 gene with the consensus forward primer Con3 (5Ј-TGGCTTCGCCATTTTATAGACA-3Ј) and the reverse primer Con2 (5Ј-ATTTCGGACCATTTA TAACC-3Ј) and then performed the nested PCR (7) .
The complete open reading frame (978 bp) and deduced VP7 amino acid sequence of the CUK-1 human rotavirus strain were determined. From comparisons of the VP7 nucleotide and amino acid sequences of CUK-1 with the corresponding VP7 sequences of the prototype strains (G1 to G16), the VP7 sequence of the CUK-1 strain was found to have close relationships to G11 rotavirus strains A253, Dhaka6, and YM (86.9, 98.7, and 91.97% nucleotide sequence identities, respectively, and 95.1, 98.5, and 95.4.5% amino acid identities, respectively). Overall, the CUK-1 strain showed the highest degree of similarity with the Dhaka6 strain. This strain had fewer corresponding identities with the other G types (types G1 to G16), with the exception of G11. We constructed the dendrogram containing VP7 of CUK-1 and the 16 G types described above (Fig. 1A) . This phylogenetic analysis indicated that CUK-1 was clustered with the Dhaka6 G11 type in a monophyletic branch.
We found that the deduced amino acid sequences of four intragenotype-conserved antigenic regions were aligned within CUK-1 and the other 16 G types. The CUK-1 strain showed a close relationship with G11 strains A253, Dhaka6, and YM in these regions. This CUK-1 strain showed only 1 amino acid change (V218I) in region C compared with the sequence of the Dhaka6 strain. Previous reports on comparative analyses of VP7 gene sequences among rotaviruses of different serotypes had identified a high degree of sequence divergence in several discrete regions, and these regions were highly conserved within the serotypes (10) . Also, the A, B, C, and F antigenic regions were involved in virus neutralization (8, 12) . The sequences of the CUK-1 strain were nearly similar to those of the Dhaka6, YM, and A253 strains within these regions, with 1, 2, and 3 amino acid changes, respectively. The Asp at position 96 within region A was probably responsible for its G11 specificity, because Asp is also present at this position in the VP7 of the G11 strain but not in the G5 strain (4). The amino acid at this position has been reported to be critical to the conformation of the major antigenic site of VP7 (4, 8, 12) , although a single amino acid substitution may not be enough to completely affect the serotype reactivity (4). Therefore, it can be stated that the CUK-1 strain retains its G11 specificity because it has Asp at position 96. Here, the CUK-1 strain showed a high degree of sequence divergence (more than 30%) compared with the antigenic region sequences strains of other serotypes, except G11.
The partial 418-bp gene sequences (nucleotides [nt] 65 to 482) of the VP8* fragments within VP4 of the CUK-1 human rotavirus strain and the deduced amino acid sequences were determined. The CUK-1 strain then presented the highest degrees of identity of 93% and 94.2% with corresponding nucleotide sequences and the deduced amino acid sequences of the VP8* fragments of rotavirus type 5 (RV5) of the P [4] genotype, respectively (Table  1 ). In addition, phylogenetic tree analysis of the VP8* fragments of the VP4 genes of strain CUK-1 and other established rotavirus P types by the neighbor-joining method also confirmed that strain CUK-1 belonged to type P [4] (Fig. 1B) . The type G11 strains A253, CUK-1, Dhaka6, and A253 and the G5 strain may have originated from a common ancestor of VP7 specificity (4), as shown in Fig. 1A . For VP4 specificity, however, the G5 viruses have been detected not only in association with P [7] but also in conjunction with P [6] and P [8] (19) , while G11 was combined with P[25] (21) and type G11 strain CUK-1 was combined with P [4] . Therefore, the CUK-1 strain showed a common lineage with G11 and G5 in the molecular evolution of VP7 but a diversity from these strains in the molecular evolution of VP4. The G-type rotaviruses combined with P [4] that have been reported to date are G1,P [4] (1), G2,P [4] This incidence of a novel recombinant G11,P [4] rotavirus strain in South Korea illustrates the large diversity of rotavirus strains occurring worldwide. Advanced research with this strain will promote the investigation of diverse rotavirus strains in the molecular, genetic, evolutionary, and epidemiological fields. Moreover, studies and surveillance of animal-to-human transmission events on October 15, 2017 by guest http://jcm.asm.org/ will help to provide an understanding of and prevent rotavirus disease. Some rotavirus strains may have arisen by interspecies transmission or by reassortment between human and animal rotaviruses (6) . This enormous diversity among rotavirus strains allows the study of the evolution of rotavirus strains and creates new challenges for rotavirus vaccine development (6) . Finally, the discovery of this novel combinant rotavirus strain will play an important role in future vaccine development. Nucleotide sequence accession number. The complete open reading frame (978 bp) and deduced VP7 amino acid sequence of the CUK-1 human rotavirus strain were enrolled in GenBank under accession number EF121951. a The gene sequences of the VP4 sequences from nt 65 to 482 were compared. The partial VP4 sequences of strain A34 (nt 69 to 481) were compared.
